Comment on "Quantum Melting of the Quasi-Two-Dimensional Vortex Lattice in 

-(ET) 2 Cu(NCS) 2 " 



K- 



Y. Kopclcvich + and P. Esquinazi* 

+ Instituto de Fisica, Unicamp, 13083-970 Campinas, Sao Paulo, Brasil 

* Abteilung Supraleitung und Magnetismus, Universitat Leipzig, Linnestr. 5, D-04103 Leipzig, Germany 



o 

o 



c 
o 
o ■ 
i ' 

Or 

+-» . 



I 

C 

o 
o 



> 

oo 
o 

o 



C3 



I 

c 
o 
o 



s 



In a recent Letter Mola et al. W reported magneti- 
zation measurements M(H, 9) performed on the organic 
superconductor k-(ET) 2 Cu(NCS) 2 (T c = 9.1 K) as a 
function of the magnetic field H applied at different an- 
les 9 with respect to the a-axis direction. The results 
demonstrate: (a) the occurrence of pronounced irre- 
versible magnetization Mi TT (H) jumps and (b) their sud- 
den cessation for H > H m (T, 9) . The boundary line 
H m {T) has been interpreted by Mola et al. as the Q2D 
vortex lattice (VL) quantum melting phase transition line 
Q . The purpose of this comment is to show that the re- 
sults can be understood in a simple way without invoking 
" quantum melting phase transition" . 

As has been recently reported in detail @, the termi- 
nation of flux jumps with field accompanied by a kink 
-or second magnetization peak (SMP)-like- anomaly in 
M 1IT (H) is also observed in conventional Nb supercon- 
ducting films and can be naturally understood within 
the framework of the thcrmomagnetic flux-jump insta- 
bility theory (TMI) || without invoking VL transfor- 
mations. Using both global and local magnetization 
M(H) measurements, it has been demonstrated that at 
low enough temperatures and at H < -ffsMp(T) TMI 
leads to the reduction of |Mj rr (if)| relative to the isother- 
mal critical state value, and this is reestablished at 
H > Hsmp(T) due to the decrease of the critical cur- 
rent density j c with field Q . It has been shown also ||] 
that the Hsmp{T) can be approximated by the equation 
H SM p(T) = H (l - (T/T ) 2 ), where H is a free param- 
eter and To < T c depends on the intrinsic pinning prop- 
erties as well as on the effective film size s e ff ~ (wd/2) 1 / 2 
(w and d being the film width and thickness) of the sam- 
ple. 

Figure 1 shows the "melting" line H m (T/To) obtained 
in [[jj for a crystal with dimensions lxwxd=lxlx 
0.3 mm 3 . To facilitate the comparison with the Nb films 
we have normalized the temperature scale by the value 
T = 0.152 K. As can be seen in Fig. 1, the H m (T/T ) 
line is similar to the Hsmp(T) lines obtained in Nb films. 
As for the Nb films, H m (T) can be very well fitted by the 
equation H m (T) = H (l - (T/T ) 2 ) with n H = 3.8 T 
and To = 0.152 K, whereas To for the Nb films runs 
from ~ 4 K to ~ 7 K depending on the effective size 
of the films ||. The difference in To between the two 
superconductors is mainly due to the difference in the 
magnitude of pinning. The TMI theory J3[ predicts a 
critical effective sample size s cl -it = lOHfj/Airjc below 
which no flux jumps appear. Here Hfj is the field at 
which first flux jump occurs. Taking Hfj ^1 — 2 kOe 



and in-plane j c (0) ~4x 10 4 A/cm 2 [IB one gets s cr i t ~ 
0.2 — 0.4 mm which coincides with the effective crystal 
size s e ff ~ 0.4 mm, implying that the instability criterion 
(•Scrit < Seff) can be reached at very low temperatures 
(Tq/T c << 1) as the experiment in jjj demonstrates. 
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FIG. 1. (•) : H m (T) data points from M. The solid 
lines correspond to the equation H(T) = Ho(l — (T/To) 2 ). 
fioHo = 3.8 T and To = 0.152 K (/io#o = 0.7 T and 
To = 4 . . . 7 K) for the upper (lower) data points. The lower 
data points correspond to Hsmp(T) obtained for Nb films B. 

The increase of H m with 9 reported in H can be under- 
stood as follows. First of all, note that within the TMI 
approach the expected decrease of H m with 9 due to re- 
duction of s ff from ~ 0.4 mm to s e g ~ d = 0.3 mm || 
should be negligible. However, the activation energy of 
pancake vortices increases with 9 ||. Therefore, a larger 
applied field is needed to stabilize the isothermal criti- 
cal state J7|. We note further that the coincidence of a 
single H m (8)-da,ta, point obtained for the second (larger) 
crystal with the reported H m (9) Q can be merely due 
to a difference in j c . In summary the H m (T, 9) obtained 
in pj] is simply the boundary in the H — T plane that 
separates the TMI regime from the isothermal Bean-like 
critical state. 
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